cal, and at present speculative, initiating sequence of reactions in this disease process also raises the question whether other unsaturated halogenated hydrocarbons may also be involved in a similar chain of events.
Further studies are in progress in an attempt to clarify the initiating reaction sequence and to define the precise relationship between vinyl chloride and the observed immunological anomalies. DISCUSSION Dr Leo Djerassi said that fatty liver might be the early histological change in liver caused by vinyl chloride. In one of his cases which began with splenomegaly, liver biopsy showed a fatty liver. The patient did not consume alcohol habitually. The finding was not surprising, as chlorinated hydrocarbons were known to cause fatty liver. The clinical development of this case brings us to the evidence of immunological phenomena in those exposed to vinyl chloride, and to the possibility of another target organthe spleen. Splenomegaly was the first deviation in this case, and increased progressively. Hypersplenism followed. Splenectomy and splenorenal shunt were indicated because of ersophageal bleeding. The patient's condition improved sufficiently to enable him to work full time on a nonstrenuous job.
Professor Margaret Turner-Warwick (Cardiothoracic Institute, Brompton Hospital, London SW3) asked what was the cause of the T cell depression mentioned, and whether the spontaneous sheep rosette T cell counts were confirmed by other in vitro tests such as PHA transformation.
Was there evidence whether C3 conversion was triggered by the classical or by the alternative pathway? Was evidence found of immune complex deposition in capillaries of the skin and lung as well as in the larger vessels mentioned? Dr A Milford Ward replied that the cause of the T cell depression was not clear, but it was a feature often seen in circulating immune complex disorders and in autoimmune states. The low rosette counts were partially confirmed by a mild depression of the PHA reactivity of the peripheral blood lymphocytes.
Complement activation in vinyl chloride disease was by the classic pathway with conversion of C4 as well as C3, as would be expected with IgG class antibody directed against the antigenic groupings.
Immune complex deposition was found in capillaries and small vessels in skin, muscle and lung.
Dr L Magos said he would like to see the patients classified by grade, since it was always frustrating to read of 'severely affected' people without knowing what 'severely affected' meant. The grading could be based on degree of splenomegaly, acro-osteolysis, scleroderma &c.
Dr A Milford Ward replied that the classification used in this study was a clinical one, based on history, physical examination, and an assessment of the patient's ability to continue his employment. It therefore included such aspects as splenomegal acro-osteolysis, and scleroderma.
Dr E Vigliani (Milan, Italy) asked whether the presence of B and T in the tissues could be detected by immunofluorescence.
Dr A Milford Ward replied that lymphoreticular tissue was not examined histologically or immunologically so the presence of T and B cells could not be assessed in tissues. T and B cell counts were performed on peripheral blood. Dr Ruth Lilis (Mount Sinai School of Medicine, New York) asked whether immune complexes were found in the kidney. There were in the literature a number of cases of Goodpasture's syndrome in persons exposed to chlorinated hydrocarbons.
Dr A Milford Ward said that renal tissue was not examined. None of the patients showed clinical evidence of renal disease, and it was not considered ethically justified to biopsy the kidney in the absence of proteinuria or hematuria. Antibodies to renal glomerular basement membrane were not detected.
Dr I F H Purchase, Mr C Richardson and Dr D Anderson (ICI Central Toxicology Laboratory, Alderley Park, near Macclesfield, Cheshire) Chromosomal Effects in Peripheral Lymphocytes Vinyl chloride produces liver tumours in animals exposed by inhalation (Maltoni & Lefemine 1974) or dosed by the oral route (Maltoni et al. 1975 , Purchase 1975 . Epidemiological studies demonstrated that workmen exposed to vinyl chloride had an increased risk of developing certain tumours, particularly hepatic angiosarcomas (Creech & Johnson 1974) . In common with other carcinogenic chemicals, such as benzene, recent studies have demonstrated that workmen exposed to vinyl chloride have an increase in the percentage of lymphocytes with chromosomal abnormalities (Funes-Cravioto et al. 1975 , Ducatman et al. 1975 , Purchase et al. 1975 ). Studies of this type carried out on lymphocytes recovered from peripheral blood provide an easy clinically applicable method of assessing damage to living cells caused by carcinogenic chemicals. If there is a quantitative relationship between the percentage of chromosome abnormalities and the amount of exposure to the chemical, the estimation of chromosome abnormalities may provide a useful tool for determining levels of exposure which do not produce this mutagenic effect.
We have studied a population of 80 workers including exposed workers, nonexposed workers from the same industrial site, and nonexposed control subjects from another environment. The exposed population has been divided into groups based on the type of work carried out: Group I are autoclave operators; Group 2 are maintenance workers who have worked in the polymerization plant; Group 3 are those who work in polyvinyl chloride (PVC) production but not with autoclaves; Group 4 are maintenance workers in the same area as Group 3. It is virtually impossible to define exposure of these groups of workers to VCM apart from saying that the autoclave workers have the highest exposure and Groups 3 and 4 the lowest. One worker, who was employed as an autoclave worker for 11 years and subsequently as a maintenance worker for 14 years, has been included in Group 1.
Blood samples were taken and lymphocyte cultures were prepared using standard Difco kits (Difco Laboratories, Detroit, Michigan, USA). Lymphocytes were cultured for 48 or 72 hours. All, slides were coded before scoring, to ensure unbiased analysis. One hundred cells per individual were analysed (except for one individual where 200 cells were analysed), using the classification of Buckton & Pike (1964) . Workers who had been exposed to X-rays or prolonged drug treatment were excluded from the study.
The results of the chromosome analysis are given in Table 1 . All individuals were found to have normal male karyotype, except for one who had a 46, XY karyotype with inversion of No. 3 chromosome. There was no significant difference between 48-and 72-hour cultures so these data have been pooled.
When the percentage of B and C cells in various groups is compared, it is seen that Groups 1 and 2 had higher percentages than Group 3 and the control group. The difference between the combined results from the exposed groups and the control group is statistically significant. These results confirm the findings of Funes-Cravioto There is also some incomplete evidence that higher exposure results in larger increases in abnormalities. This relationship still requires to be studied in more detail. The induction of chromosomal abnormalities is indicative of a mutagenic effect of vinyl chloride. It is important to know whether vinyl chloride is capable of inducing mutagenic effects in other test systems and particularly whether such an effect is produced on germ cells. Accordingly vinyl chloride was examined for dominant lethal effects in mice. Groups of 15 male mice were exposed to 3000, 10 000 or 30 000 parts/10r of vinyl chloride for 6 hours per day for 5 consecutive days. Each male was mated with 2 virgin females per week for 8 -weeks and the females were killed at 13 days and examined for dominant lethal effects. There was no significant increase in any of the parameters (early deaths per implantation, early deaths per pregnancy). Vinyl chloride, therefore, did not produce dominant lethal effects in mice, indicating that it did not produce a mutagenic effect in germ cells even at these high levels.
Natarajan A T & Osterman-Golkar S (1975) Dr I F H Purchase replied that the chromosome breaks were distributed randomly. No banding technique was used. The people selected to take part in the study were randomly selected and had not been separated into those with and without symptoms. The only evidence that had been produced experimentally suggested that genetic effects did not occur in the gonads and no effect on fertility was seen.
Dr L de Boer (The Hague, Netherlands) said that Mrs I Fleig had reported (Medichem Conference on Chromosome Aberrations, Milan, October 1974, in press) on chromosome studies in which there were not more abnormalities in the exposed group compared with a control group.
Dr I F H Purchase said that his was the third study which had described such abnormalities, the other being those by Funes-Cravioto et al. (1975, Lancet i, 459) and Ducatman et al. (1975, Mutation Research 31, 163) .
Dr D G Snmith (Zerolit Ltd, Isleworth, Middlesex) asked whether Dr Purchase's results showed a statistically significant difference between categories 1-4 of exposed workers, i.e. those working on the autoclave (1 and 2) and those away from the autoclave (3 and 4), assuming that the autoclave area was the one of maximum exposure. Dr I F H Purchase replied that there was a statistically significant difference between the results from autoclave workers and controls, and between the results from all exposed workers and controls. A number of cases of angiosarcoma of the liver in workers exposed to vinyl chloride monomer (VCM) led to the recognition of the potential hazards of such exposure (Creech & Johnson 1974 , Block 1974 , Lee & Harry 1974 . To date, there are only 47 such cases described in world literature, so angiosarcoma can be regarded as a rare manifestation of VCM toxicity. However, less dramatic changes including periportal fibro-sis, portal hypertension, oesophageal varices and splenomegaly may be common results of VCM toxicity (Marsteller et al. 1973 , Smith & Williams 1974 , Makk et al. 1974 , Thomas et al. 1975 , Lange etal. 1974 .
In view of these adverse reports, a survey was undertaken of 487 workers with varying exposures to VCM by two of the authors (Williams et al. 1975) . Full blood pictures were obtained and standard liver function tests were done. Two patients identified by a thrombocytopenia of 72 000 and 45 000/mm3, and slightly raised G-glutamyl transpeptidase G-GT levels, were subsequently found to have periportal fibrosis, portal hypertension, splenomegaly and cesophageal varices on barium swallow, plain abdominal radiography, splenic venography and needle biopsy of liver.
It was clearly unacceptable to carry out these invasive investigations on all exposed workers, but the less invasive techniques seemed relatively insensitive. Thus, a pilot project was carried out to ascertain whether ultrasound offered a possible noninvasive method for visualizing the liver and spleen in workers exposed to hepatotoxic agents. Initial results proved encouraging (Taylor et al. 1975 , Williams et al. 1976 .
Although ultrasound has been used as a diagnostic tool in obstetrics for many years, the instrumentation was comparatively crude since the relevant echoes to be displayed were of large magnitude and did not require sophisticated instrumentation. Kossoff (1974) developed greatly improved equipment which was clinically applied to obstetrics, the eye, breast and thyroid. Using similar instrumentation, the technique was evaluated for the investigation of liver and splenic pathology ( Theportal vein is shown anterior to the inferior vena cava
